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Abstract 
This article is to study the similarities and differences in terms of computational methodologies in different nations, as well as to analyze 
the accuracy and reliability of them, and consequently to raise proposals to improve this methodology in China. The author chose an 
atrium-style metro station as a study case. Computations and comparisons were carried out on the evacuation time, according to the terms 
in Chinese “CFDOM” (GB50157-2013), the U.S. “NPFA130” (2014) and Japanese “JIS Railway Standards”. The results indicate that, the 
computational methodology in China is readily to be comprehended, while it ignores some important features. A certain extent of 
irrationality can be found in this methodology. While the American and Japanese codes specify the evacuation path in details, which leads 
to a more reasonable evacuation time. Therefore, in practical use, a synthetic methodology that considers multinational codes is 
commonly suggested, for the most precise evacuation time. 
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Nomenclature 
A throughput capacity (person/s) 
B  the total width of the staircases (m) 
N  the number of escalators 
Q occupants (persons) 
T  walking travel time(s) 
W  waiting time(s) 
1. Introduction 
For the past few years, a number of atrium-style metro stations have been progressively built up in Beijing, Shanghai, 
Xi’an, Hangzhou, Shenzhen, Zhengzhou, etc. The fire safety of this type of station, therefore, attracted more attention by 
scientists and the public [1]. In terms of the atrium-style metro station, due to its intrinsic absence of fire compartmentation 
and natural ventilation at the atrium that connects the public zone, may impede the evacuation and magnify the hazard. This 
risk of sort can be deteriorated by the chimney effect, which occurs under the condition where multi-storey communal 
spaces and large storey height exist. 
Numerous scientists have worked on the subject of fire safety of the atrium-style metro station in recent years. He [2] 
conducted a numerical simulation based on Legion and FDS, to analyze the evacuation capability of the atrium-style metro 
station in 2010; In accordance with the CFDOM and with reference to the numerical simulation. 2013, Shen [3] made a 
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comparative analysis on various scenarios about the smoke control system of the atrium-style metro station; In 2014, Hao [4] 
designed the smock control system against fire conditions in different locations, and verified its effect by imposing the FDS 
simulation. 
Nevertheless, there is an obvious shortage of research on the evacuation time of the atrium-style metro station. Following 
the renewal of “Code for Design of Metro” in China (GB50157-2013) [5] and the United States NPFA130 (2014) [6], the 
computational methodologies regarding to the evacuation time in metro has been updated and developed. Meanwhile, it is 
worth mentioning that, the Japanese “JIS Railway Standards” [7] is highly acknowledged internationally. Based on these 
settings, the author deems it of necessity to select a typical atrium-style metro station, compare the results of different 
evacuation time that are derived from calculations regarding to different codes. Comparative pros and cons are required to 
be discussed by taking the American and Japanese standards into consideration, meanwhile constructive proposals and 
suggestions are to be raised in order to optimize the methodology of calculating the evacuation time in an atrium-style metro 
station. 
2. The computational methodology of evacuation time 
2.1. Chinese “Code for Design of Metro” (GB50157-2013) 
According to Sub-clause 28.2.11 of CFDOM (GB50157-2013), the width of the exit staircase and the evacuation passage 
should enable all the occupants, including those on aboard, to be safely evacuated from the platform within 6 min in case of 
fire during peak hours in the far-future. Differ from the CFDOM (GB50517-2003), the latest code stipulates that station 
staffs on the platform are not part of the evacuation occupants, as the staffs should command, assist and guide those 
occupants to the safe zone. The following is the formula of the emergency evacuation time from the platform level to the 
safe zone: 
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Where Q1 is the train occupant; Q2 is the platform occupant; A1 is the throughput capacity of automatic escalator; A2 is 
the capacity of the staircases. 1 is the response time of the personnel, which is fixed by CFDOM according to the response 
time of alarming system, broadcasting system design inside the subway [8]. 
2.2. The United States “NPFA130” (2014) 
Sub-clause 5.3.3.1 of NFPA130 (2014): There shall be sufficient egress capacity to evacuate the platform occupant load 
from the station platform in 4 minutes or less. 
Sub-clause 5.3.3.2: Evacuation time to a point of safety: The station shall be designed to permit evacuation from the most 
remote point on the platform to a point of safety in 6 minutes or less. 
To calculate the evacuation time, NPFA130 stipulates that the total evacuation time is the sum of the walking time during 
the longest exit route and the waiting times at various circulation elements, using the following formula: 
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2.3. Japanese “JIS Railway Standards” 
As is prescribed in the “JIS Railway Standard”, in the situation of a train fire on the platform, the station is required to 
permit the evacuation from the platform to the ground in 10 minutes or less.  
Apart from this, JIS defines the evacuation time as “the time from the evacuation starts, till the last occupant arrives at 
the ground”. Evacuation time is generally divided into two categories, walking time and dwell time. Especially, the 
considerations of the emergency evacuation route and the configuration of the station are highly emphasized in case of a 
complex metro station [9].  
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3. Comparative computations on the evacuation time of atrium-style metro station 
3.1. Introduction of the atrium-style metro station 
The metro station selected for this article is assumed to represent a typical atrium-style station, which was constructed in 
Beijing in recent years. This station (station A) is a two-layer island-platform station with a cubic shape 158m×14m×5.2m 
(L×W×H), as shown in Fig.1.  
 
Fig. 1 Image of Beijing Subway A Station concourse 
The platform of station A adopted an atrium-style design aesthetically. The atrium is 45 meters long and 10 meters wide, 
combining the platform and the concourse into a multi -storey communal space as shown in Fig.2. For the sake of 
ventilation, the ceiling of the atrium can function as a natural ventilation window, but as there is no space for any ventilation 
ducts or vans, conventional mechanical ventilation cannot be arranged at the atrium ceiling or anywhere else.  
 
Fig. 2 Image of Atrium 
As per the CFDOM (GB50157-2013), the air velocity in downward staircases and escalators provided by the mechanical 
and non-mechanical ventilation system is required to be greater than or equal to 1.5m/sec. However, due to the existence of 
the big atrium, the magnitude of the air velocity is compromised, which may impede the evacuation and magnify the 
accident casualties and property losses. In order to prevent such catastrophe and to validate the safety of the atrium-style 
metro station, a computation and the consequent analysis were carried out as follows. 
3.2. occupant features 
The occupant flow is calculated during the morning peak time, using the following formula:  occupant load = extra peak 
hour factor × flow prediction (1.4) × waiting time. The long-term hourly flow prediction at the peak time is 13140 persons. 
As the waiting time in the concourse/platform is 3/2.5 minutes, occupant load is set as follows: 
(1) The platform occupant = 13140×1.4×2.5÷60= 767 persons 
(2) The concourse occupant =13140×1.4×3÷60= 920 persons 
(3) The number of passengers on the train during the morning peak: 1920 persons. 
3.3. Calculation of the evacuation time using Chinese “Code for Design of Metro” (GB50157-2013)  
Q1=1920, Q2=767. There are 6 escalators in the platform, and each of them has the width of 1 meter, N=5. The width of 
the staircase B=3.3 meters (adjusted value, required by CFDOM). The passing capacity, A1=9600 person/hour, A2=3700 
person/hour, according to CFDOM. 
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3.4. Calculation of the evacuation time using The United States “NPFA130” (2014) 
According to the NFPA130 (2014), data of Station A is analyzed, as shown in Tab.1 
Table.1 Data analysis of Station A (using NPFA130) 
Egress Element 
width 
(mm) 
Capacity per mm 
(p/mm-min) 
Capacity 
˄p/min˅ 
Staircases (2) 3400 0.0555 189 
Escalators (6*) 5500 0.0555 305 
Fare gates (22)  Capacity=50 person/minute 1100 
Emergency exit door 16500 0.0819 1351 
Walking Time Distance (m) Speed (m/min) Time (min) 
On platform T1 42.6 37.7 1.13 
Platform to concourse 5.2 14.6 0.36 
Concourse to safe area 25.2 37.7 0.67 
*One escalator discounted 
Fp  (time to clear platform) = Platform occupant load ÷ Platform egress capacity = 5.43 minutes. 
Wp (waiting time at platform exits˅= Fp-T1= 4.30 minutes. 
Ffb (fare barrier flow time) = Evacuation occupant load÷Fare barrier exit capacity= 3.28 minutes. 
Wfb (waiting time at fare barriers) = Ffb - Fp= 3.28-5.43 = 0.00 minutes. 
Fc (concourse exit flow time) = Evacuation occupant load÷Concourse exit capacity= 2.67minutes. 
Wc (waiting time at concourse exits) = Fc-max˄Ffb or Fp˅= 2.67-5.43= 0.00 minutes. 
Total exit time = T+ Wp + Wfb + Wc = 6.46 minutes. 
Since neither the time to clear platform nor the total exit time can satisfy the requirement of the NFPA130, it can be 
interpreted that the capacity of the staircases on the platform cannot fulfill the request of occupant evacuation. Furthermore, 
the NPFA130 particularly stipulates the usage of the escalator as follows: Escalators shall not account for more than one-
half of the means egress capacity. However, the proportion of the escalator capacity is 61.7% of the station platform. 
Therefore, to satisfy the NPFA130 evacuation time and assure the safety of evacuation on the platform, additional staircases 
with no less than 4 meters wide are requested. 
 
Fig. 3 Image of the station platform with additional staircases 
According to the calculation with additional staircases, the time to clear platform and the total exit time are 3.75 minutes 
and 4.78 minutes respectively, which meet the requirements in the NPFA130 (2014).  
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Fig. 4 Image of Exits of station concourse 
According to the calculation with additional staircases, the time to clear platform and the total exit time are 3.75 minutes 
and 4.78 minutes respectively, which meet the requirements in the NPFA130 (2014). 
3.5. Calculation of the evacuation time using Japanese “JIS Railway Standards” 
According to the JIS Railway Standards, the evacuation route shall be set up before the calculation of the evacuation time. 
As shown in Fig.4, the concourse of Station A has 3 evacuation exits and 4 fare entrances, and the evacuation route is set up 
accordingly. 
Route A/B: Train doorėStaircase/EscalatorėFare Entrance A/BėExit A/BėGround. 
Route C/D: Train doorėEscalatorėFare Entrance C/DėExit CėGround. 
The evacuation time is determined by the walking time and the dwell time, and there are 5 parts of walking time (t1-t5) 
and dwell time (T1-T5) respectively, as shown in Fig.5. 
 
Fig. 5 The compose of each walking time and dwell time 
The cumulative time which the last evacuee takes from the train door to the ground is composed of 5 travel times (t1-t5) 
and the largest dwell time. It is calculated and shown in Tab.2 
Table.2 Calculation on walking time and dwell time of each route 
Evacuation 
route 
t1 
(sec) 
T1 t2 T2 t3 T3 t4 T4 t5 T5 
Necessary 
Time 
A 
41.6 30.8 26.8 206.7 
10 337 37.5 122.4 61 189.5 475.5 
B 10 269 38.5 122.4 65 189.5 413.1 
C 12 265 52 
192.4 64 297.8 441.6 
D 24 212 59 
 
In conclusion, the evacuation time from the train door to the ground required at Station A is 475.5 seconds (7.93 minutes), 
which fulfills the requirement in the JIS Railway Standard. 
4. Comparative computations on the evacuation time of atrium-style metro station 
In order to verify and compare the computational methodologies of evacuation time in three national codes, a simulation 
was carried out using the highly effective three dimensional evacuation software STEPS (Simulation of Transient 
Evacuation and Pedestrian movement) [10]. The model of Station A was built, in which some accessory structures that are 
irrelevant to the evacuation, were ignored, such as the lavatories, ticket office, etc. The impact of the pillars on the platform, 
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the fare barriers and metal fences were considered in the model. The evacuation scenario was hypothesized as the fire 
occurred on the train. Passengers on the train were to be evacuated by the staircases, through the fare barriers and eventually 
arrived at the concourse exit. 
The result is shown in Fig.6. It is represented that the evacuation time from the train to the station concourse exit is 405 
seconds (6.75 minutes). This result demonstrates a relatively high similarity to the American and Japanese codes, and 
significantly differs from the CFDOM. 
      
                                                   Fig.6 Safely evacuated rate versus evacuation time 
In the egress process, the retention phenomenon is explicitly revealed that, occupant retention occurred at the bottom of 
the platform staircase, fare entrance A and fare entrance C as shown in Fig.7-8. This observation corresponds to the results 
from the American and Japanese computational methodologies, while the location of the bottleneck could not be detected by 
the CFDOM. 
               
Fig.7 Retention at fare entrance A                                                  Fig.8 Retention at the platform staircase and fare entrance C 
5. Discussions 
5.1. Differences in evacuation features 
Specified in “Code for Design of Metro” (GB50157-2013), the methodology of calculating the evacuation time considers 
primarily the capacity of staircases and escalators, while no clear regulation about the structural layout or evacuation routes 
have been prescribed. 
The NFPA130 defines the concept of total evacuation time, together with the computational methodology of the walking 
time, the flow time of evacuation corridor, and the dwell time during evacuation. This methodology includes not only the 
capacity of staircases and escalators, but also takes capacity of evacuation corridors and fare barriers into account.  
The JIS Railway Standards prescribe the evacuation time to be determined by the walking time and the dwell time. The 
latter is relevant to the flow coefficient, the usage of each exit. The amount of people is distributed based on the exit width. 
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The evacuation time is determined by the structural layout of the station, evacuation routes, and the flow coefficient of each 
exit. 
5.2. Differences in safe zones 
CFDOM prescribes the definition of safe zone: In general, a safe zone is defined as a shelter that locates at a confined 
ventilation-system-equipped metro station and offers protection in the case of fire condition on the platform or board. When 
it comes to the evacuation time, the public space at the station concourse is considered as the safe zone. 
The NFPA130 (2014) limits the evacuation process as the occupants move from the platform to the station concourse 
through the staircases, then pass the fare barriers and arrive at the exit of the station concourse. The last action indicates the 
end of the evacuation. 
The JIS Railway Standards prescribe the evacuation route specifically: train doorėplatformė staircasesėfare barrierė
exitėground, and the safety zone is the ground. 
5.3. Comparison among the three national codes 
It can be concluded from the comparison among these three national codes that, “Code for Design of Metro” has a certain 
limitation in the aspect of evacuation features and a less rigorous definition of safe zone, which contribute an 
underestimated evacuation time. 
The methodology prescribed in the NFPA130 represents an intermediate level. It considers the effect on structural layout 
and evacuation routes, as well as specifies usage of the escalator. 
The Japanese Standards rigorously prescribe the evacuation route, considering all the possible features that within the 
route from the train door till the exit. This consideration gives a more accurate result, since it reflects the effect of the 
structural layout and evacuation facilities to the evacuation time in a more exhaustive manner. 
From the computational point of view, the NFPA130 is capable of detecting the bottleneck at the bottom of the platform 
staircase during the evacuation. While the Japanese Standards reveal the severest bottleneck at the fare entrance, by 
calculating and comparing the dwell time at each critical place. The bottleneck phenomenon cannot be represented by our 
codes. It can be seen from the STEPS simulation that, the American and Japanese computational methodologies precisely 
forecast the position of the bottleneck, which is a shortage in our national code. 
6. Conclusion 
It can be concluded that, the Chinese code tends to give errors in the result of evacuation time, while the American and 
Japanese standards show certain superiorities such that they correctly reflect the effect of the structural layout of the station 
and represents predictive bottlenecks. Therefore, in practical use, a synthetic methodology that considers multinational 
codes is highly recommended, for the sake of the most precise evacuation time. 
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